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l^n^gy charging control apparatus and method for hybrid vehicle 



(54) 

(57) A controller (32) predicts a requested state of 
charge/discharge corresponding to a future run of a hy- 
brid vehicle. If it is predicted that the hybnd vehicle wffl 
be stopped and restarted, or will be greatly accelerated 
and therefore that a request for a great discharge will 
be outputted in the future, the controller (32) mcreases 
a target SOC of an HV battery (22) to .ncrease the value 



to which the charge of the HV battery 22) w be con- 
verged in preparation for the great discharge. If it .s pre- 
dicted that a great regenerative electric power will be 
generated by a vehicle deceleration ^*«*»J£ 
a request for charging will be outputted .^tugMSOC 
is reduced, and the amount of charge in the HV battery 
(22) is reduced, so that the regenerative power gener- 
ated can be efficiency recovered. 
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Description 

BACKGROUND OF THE INVENTION 
1 . Field of the Invention 

roooil The invention relates to electric energy charg- 
ng control apparatus and method for a hybrid vehicle. 
More specifically.the invention 
charging control apparatus and method for hybrid vehi- 
cle that achieve efficient utilization of an electric energy 
storage device while allowing a size reduction of the 
electric energy storage device in a hybrid vehicle ha 
needs a large amount of electric energy output in order 
to assist the running of the vehicle through the use of a 
motor-generator. 
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2. Description of the Related Art 

[00021 Vehicles equipped with hybrid vehicle (HV) 
systems that achieve great advantages in environmen- 
tal protection and fuel economy improvement (hereinaf- 
ter referred to as -hybrid vehicles (HV)") are being de- 
veloped and commercialized. An HV system is a power 
train that uses a combination of two kinds of drive power 
sources, for example, an internal combustion engine (a 
gasoline engine, a diesei engine, etc.) and an e lee nc 
motor. By selectively using the engine and .the electnc 
motor in accordance with the driving condition, the sys- 
tem makes full use of the advantages of the two drive 
power sources, and supplements disadvantageous as- 
pects of the two drive power sources with each other, 
so as to achieve smooth and highly responsive power 
performance. That is, by operating one of the engine 
and the electric motor alone or both of them in concert, 
the system is able to improve fuel economy and consid- 
erably reduce exhaust emissions. For example, during 
a low load region where the engine efficiency is low (in 
particular, at the time of a vehicle start or a very lowve- 
hide speed), the engine is not started but the eh* c 
motor alone is operated to drive the vehicle. When the 
vehicle enters a speed region where the engine efficien- 
cy is high, the engine is started and the electric motor is 
stopped. When an increased output is needed, for ex- 
ample, during acceleration or the like, the engine and 
the electric motor are simultaneously operated to per- 
form torque assist using the electric motor so that a de- 
sired output can be obtained. 

[0003] When the electric motor is used in this manner, 
electric power is supplied from a battery installed in the 
vehicle. Therefore, the hybrid vehicle needs to be 
equipped with a large-capacity battery. In order to real- 
ize qood use of the electric motor as described above, 
the state of charge (SOC) of the battery must always be 
controlled. 

[0004] A typical hybrid vehicle is equipped with a mo- 
tor-generator (MG) that performs an electric motor func- 
tion and a power generating function. The MG is con- 



trolled so as to generate electric power so that the 
amount of charge in the battery converges to a target 
value of charge of the battery (target SOC). For exam- 
ple Japanese Patent Application Laid-Open No. HEI 
5 11 -299004 discloses a control method for maintaining a 
targeted SOC by adjusting the engine output in accord- 
ance with the SOC. 

[0005] Normally, the target SOC of a hybrid vehicle is 
set to a fixed value (e.g., an amount of charge being 
10 60% of the full amount) with such a good margin be- 
tween an upper limit and a lower limit that a discharge 
request (an electric motor drive request) and a charge 
request (a request for power charging through regener- 
ation) can be accepted. AhWoc 
is [0006] However, with regard to the hybrid venules, 
there are demands for reductions in vehicle weight, in- 
creases in compartment space, reductions in veh.cle 
cost etc. Therefore, battery size reductions are needed. 
If a battery is reduced in size, the battery capacity nat- 
20 urally reduces. In that case, therefore, a problem lenses 
when the battery is to be charged or decharged That 
is, the amount of charge or discharge allowed with ref- 
erence to the target SOC reduces. As a result, .t be- 
comes impossible to discharge an amount that is need- 
25 ed at the time of a vehicle start or acceleration . A prob- 
lem also arises at the time of deceleration^ That is only 
a small amount of energy can be charged into the ba - 
tery although a large amount of regenerative electric 
power is generated. Thus, the amount of electric energy 
3 o generated cannot be sufficiently utilized, and efficient 
utilization of energy (battery) cannot be ^ed 
[00071 Furthermore.thechemical reactions that occu 
inside batteries become slow when the battery ambient 
temperature decreases. Therefore, at low tempera- 
35 tures, the charging/discharging efficiency decreases, 
and sufficient charging/discharging becomes impossi- 
ble even when the state of charge has converged to a 
target SOC. Therefore, according to the conventions 
art it is inevitable to provide large-capacity (large-size) 
40 batteries in preparation for low ^bient temperat^ es 
Thus, the conventional art cannot meet the demand for 
a battery size reduction. 
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SUMMARY OF THE INVENTION 

[0008] Accordingly, it is an object of the invention to 
provide an electric energy charging control apparatus of 
a hybrid vehicle that is capable of performing the re- 
quested charging/discharging at a high efficiency while 
so allowing a size reduction of an electric energy storage 

m009]' In accordance with a first aspect of the inven- 
tion an electric energy charging control apparatus of a 
hybrid vehicle includes an internal combustion engine, 
55 a motor-generator capable of assisting a run of the .ve- 
hicle, an electricenergy storage device connected to the 
motor-generator, controller that predicts a future . state 
of charge/discharge of the electric energy storage de- 
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vice and changes a target value of charge of the electnc 
energy storage device based on a result of predion 
regaling charge/discharge of the electnc energy stor- 

moTtoorfng to this construction if it Is predWed 
hat the electric energy storage dev.ce will be , d«- 
charged in the future, the target amount of charge of the 
etectric energy storage device is changed to an m- 
cr^ec value to increase the amount of charge before- 
handsotha.whenthedischargingc^urs.anmcre^ed 

amount of discharge from the elect-* energy storage 
LicecanbeprovidedXonversely,ir 1 t 1 spred,ctedthat 

The electric energy storage device will be charged in the 
f^netargetamount of charge of the electric energy 
Tr^e deviol can be changed to a reduced value i to 
reduce the amount of charge beforehand so that when 
thecharging occurs, an increased amount ofchargemto 
he ele*ic 9 energy storage device can be achieved. 
Therefore, a substantial electric energy charging/dis- 
charging ange can be expanded. As a result, rt be- 
comes possibl to efi^ 

ing as requested while allowing a size reduction of the 
electric energy storage device. » n , ro n er 
[00111 m the above-described aspect, the controller 
may predfct the future state of the charge/discharge o 
flJXctric energy storage device baser or, , £«. of 
the run of the vehicle, and may increase he. arge vah.e 
of charge when the state of the run of the vehicle s ,* 
s ate where it is predicted that at least a predetermined 
ZlT* discharged from the elect* energy storage 
device, and the target value changing means may re- 
duce the target value of charge when the .state ofthe 
run of the vehicle is a state where it ,s predated tha at 
Zsl a predetermined amount will be charged Into the 
electric energy storage device. ^ rMnB 
[00121 The controller performs prediction regarding 
he charoe/discharge of the electric energy storage de- 
v ice telod on, for examp.e, vehicle speed in, = . 
For example, if a low vehicle speed continues for a pre- 
determined time, it is predicted that the vehicle will be 
s,"r great* accelerated in the future. In associa- 
fen with a stop or a great acceleration, a large amount 
^.lcene P W willbeoonsumed^m^rnc^ 
function of the motor-generator. Therefore, the target 
amount of charge of the electric energy 
is increased to secure a sufficient amount of charge be 
o ehand. Conversely, if a high vehicle speed continues 
o a predetermined time, it is predicted that the vehtete 
«■ be decelerated in the future. At the rime of a deceU 
e ation, a great amount of regenerative energy w,l be 
oMamed by the power generating function of the motor- 
generator. Therefore, the target amount of charge . re- 
Ted to increase the region for recoveiy of regenera- 
te energy beforehand, so that regenerat^eenergyw, 
be sufficiently recovered. This construction , mate. * 
possible to efficiently perform charging/discharging as 
requested while allowing a size reduction of the electnc 
energy storage device. 



[0013] in the above-described aspect, the con roller 
may change the target value of charge of the electnc 
energy storage device in accordance w«h a venule am- 
bient temperature. „,h»„phicle 
5 [0014] According to this constructs the vehicle 
ambient temperature is low, for example, below the 
freezing point, the target value of charge is increased 
s7as to compensate for a reduction in the charging/dis- 
charging efficiency ofthe electric energy storage device 
,0 caused by iow temperature. Therefore, it is possible to 
eHteiently perform charging/discharging as requested 
US allowing a see reduction o, the electric energy 
storage device. 



.5 BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] The foregoing and further objects, features 
and advantages of the invention will become apparent 
romthefolloLgdescnptionofpreferredembo^nt. 

20 with reference to the accompanying drawings, wherein 
^numerals are used to represent .ike Cements and 
wherein: 
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FIG 1 is a conceptual diagram of a construction of 
a vehicle having a battery charging ^troUPP 8 ^" 
tus in accordance with an embodiment of the inven- 

FIG 2 is a functional block diagram illustrating a tar- 
get SOC changing procedure performed by a con- 
L unit of the vehicle having the battery charging 
control apparatus in accordance with the embodi- 
ment of the invention; 

FIG 3 is a diagram illustrating a concept of calcu- 
lation of a requested amount of power generation 
w'rth respect to the SOC of a battery performed by 
the battery charging control apparatus in accord- 
ance with the embodiment of the invention; 
FIG 4 is a flowchart illustrating the target SOC 
changing procedure performed by the battery 
charging control apparatus in accordance with the 
embodiment of the invention; t . _ nc 

FIG 5 is a diagram indicating changes In the SOC 
of an HV battery, changes in the vehicle speed of 
an hybrid vehicle, and changes in he target SOC 
that occur at the time of the control by the battery 
charging control apparatus in accordance with the 
embodiment of the invention; and 
FIG 6 is a flowchart illustrating a target SOC chang- 
ing procedure performed by the battery charging 
control apparatus in accordance with the embodi- 
ment of the invention, taking into considerate the 
external air temperature. 

DETAILED DESCRIPTION OF PREFERRED 
55 EMBODIMENT 

[0016] A preferred embodiment ofthe invention (here _ 
Inafter, referred to as "embodiment") w,.l be described 
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hereinafter with reference to the accompanying draw- 
ings. 

r0017l FIG 1 shows a conceptual diagram of a con- 
struction of a hybrid vehicle (HV) 10 in accordance with 
the embodiment of the invention. The hybrid veh.cle 10 
includes, as drive power sources, an internal combus- 
tion engine (hereinafter, simply referred to as "engine ), 
for example, a gasoline engine, a diesel engine, etc 
and Tn^oUenerator (MG) 14. In FIG. 1 , the MG 14 « 
illustrated as an electric motor 14A and a generator 1 4B 
for the sake of convenience in illustration. However, in 
accordance with the running state of the hybrid veh.de 
10 the electric motor 14A can function as a generator, 
and the generator 1 4B can function as an electnc motor 
[00181 The hybrid vehicle 10 further includes: aspeed 
reducer 1 8 for transmitting power generated by the en- 
gine 12 ortheMG 14 toward a wheel side 16 and trans- 
mitting the drive power from the wheel side 16 to the 
engine 1 2 or the MG 14; a power splitter mechanism (e. 
g. , a planetary gear in FIG . 1 ) 20 for distributing the pow- 
er generated by the engine 12 to two paths that is to 
the wheel side 1 6 and the generator 1 4B; an HV battery 
22 as an electric energy storage device for storing elec- 
tric power for driving the MG 1 4; an inverter 24 for per- 
forming current control while performing conversion be- 
tween the direct current related to the HV battery 22 and 
the alternating current related to the electric motor 14A 
and the generator 14B; a battery electronic control unit 
(hereinafter, referred to as "battery ECU") 26 for man- 
aging and controlling the state of charge/discharge of 
the HV battery 22; an engine ECU 28 for controlling the 
operation state of the engine 1 2; an MGECU 30 for con- 
trolling the MG 14, the battery ECU 26, the inverter 24 
etc in accordance with the state of the hybrid vehicle 
10 "an HVECU 32 for controlling the entire HV system 
so'that the hybrid vehicle 1 0 can run at a maximum ef- 
ficiency by managing and controlling the battery ECU 
26 the engine ECU 28, the MGECU 30, etc. in an inter- 
related manner; etc. Although in FIG. 1 , the ECUs are 
separate units, two or more of the ECUs may be .nte- 
grated into a single ECU. .^^uv/ 
m019l In the hybrid vehicle 1 0 equ.pped with the HV 
system as shown in FIG. 1 , the electric motor 1 4A of the 
MG 1 4 alone is used to drive the hybrid veh.cle 1 0 when 
the efficiency of the engine 1 2 is low, for example, at the 
time of a vehicle start, a low-speed travel, etc. Dunng a 
normal travel, for example, the power from the engine 
12 is divided into the two paths by the power spl.tter 
mechanism 20, so as to directly drive the wheel s.de 1 6 
on one hand and drive the generator 14B for electnc 
power generation on the other hand. The electric power 
thus generated is used to drive the electric motor 14A 
so as to assist the driving of the wheel side 16. During 
a high-speed travel, electric power from the HV batteiy 
22 is supplied to the electric motor 14A to increase the 
output of the electric motor 14A, thereby adding to the 
drivepowerforthe wheel side 1 6. During a deceleration, 
the electric motor 1 4A, driven by the wheel side 1 6, func- 



tions as a generator to perform regenerative power gen- 
eration. The thus-recovered power is stored into the HV 
battery 22 When the amount of charge in the HV battery 
22 decreases so that the charging of the HV battery 22 
s is needed, the output of the engine 1 2 is increased to 
increase the power generated by the generator 14B in 
order to increase the amount of charge in the HV battery 
22 Even during a low-speed travel, a control of increas- 
ing the amount of driving output of the engine 12 is per- 
10 formed if necessary, for example, when the charging of 
the HV battery 22 is needed, or when an accessory ap- 
pliance, such as an air-conditioner or the like, is driven, 
or when the temperature of cooling water of the engine 
12 is to be raised to a predetermined temperature. 
15 [00201 A feature of this embodiment is that even rf the 
HV battery 22 is reduced in size and therefore is reduced 
in capacity, the efficient charging/discharging of the HV 
battery 22 is performed by predicting a future charge/ 
discharge state of the HV battery 22 and appropriately 
20 changing a target state of charge (target SOC) of the 

ra02lT e RG 2 is a block diagram illustrating internal 
constructions of the ECUs shown in FIG. 1 separate^ 
for functions, to help describe the changing of the target 
25 SOC of the HV battery 22 in relation with the ECUs 
[00221 Normally, the HVECU 32, while controlling the 
driving of the hybrid vehicle 10, generally manages the 
output of the engine 12 and the driven state of the MG 
14 so that the SOC of the HV battery 22 converges to 
30 the target SOC. The target SOC is set to a default va ue 
of 60% or so in order to allow both the charging and the 
discharging to be performed to some extents. 
[00231 The overall control of the hybrid veh.cle 1 0 will 
next be described. Firstly, an accelerator operation rec- 
35 ognttng portion 34 included in the HVECU 32 recogniz- 
es an amount of depression of an accelerator caused 
by a driving person through the use of a sensor 36a dis- 
posed on an accelerator pedal 36. A vehicle speed rec- 
ognizing portion 38 recognizes a present vehicle speed 
40 of the hybrid vehicle 1 0 based on information from a ve- 
hicle speed sensor 40 and the like. An output shatt 
torque calculating portion 42 calculates an output shaft 
torque needed to achieve a traveling state requested by 
the driving person, based on the amount of accelerator 
45 operation and the vehicle speed. A needed vehicle pow- 
er calculating portion 44 calculates an engine power 
needed to achieve the traveling state requested by the 
driving person. An accessory requested amount recog- 
nizing portion 46 calculates an energy needed to oper- 
50 ate an accessory 48, such as an air-conditioner or the 
like based on the operation state of the accessory 4B. 
[00241 An SOC recognizing portion 50 included in the 
battery ECU 26 checks the state of charge of the HV 
battery 22. A target SOC is set in the battery ECU 26 in 
55 order to maintain an optimal SOC of the HV battery 22. 
Normally, a requested power generation amount calcu- 
lating portion 52 calculates a requested amount of pow- 
er generation that can be generated by the generator 
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MB such that the SOC converges to the target SOC (e. 
q 60%). For example, if the present SOC of the HV 
battery 22 recognized by the SOC recognizing portion 
50 is 50% when the target SOC has been set to 60 U 
the power generation of 4 kW is requested as indicated 
in FIG 3 |fthepresentSOCoftheHVbatterv22is70/o, 
the power generation of -4 kW, that is, the discharge of 
4 kW, is requested. 

[00251 As mentioned above, there are cases where 
depending on a further travel of the hybrid vehicle 10, 
the discharging of a great amount of power is requested, 
or the charging of a great amount is requested in re- 
sponse to generation of a great amount of regenerative 
power. However, if the HV battery 22 is reduced in size, 
the amount of charge or discharge allowed wrth refer- 
ence to the target SOC reduces, so that sufficient charg- 
inq/discharging may become impossible. Therefore, a 
charge/discharge predicting portion (charge/discharge 
pred'tingmeans)54includedintheHVECU32pred.cts 

whatmannerof running the hybrid vehicle 10 w.ll under- 
go in the future, based on, for example, information from 
the vehicle speed recognizing portion 38. Based on a 
result of the prediction, a target SOC changing portion 
(target value changing means) 56 included in the 
HVECU 32 changes the target SOC from the default val- 
ue of 60%. For example, if a low vehicle speed continues 
for at least a predetermined time, it is predicted that the 
hybrid vehicle 10 will be stopped, or will be greatly ac- 
celerated in the future. If the hybrid vehicle 10 is 
stopped, the next action performed is a start. As men- 
tioned above, at the time of starting, the engine revolu- 
tion speed needs to be quickly raised. Therefore, it is 
predicted that discharge from the HV battery 22 will be 
performed. In particular, if the engine 12 is a diesel en- 
gine having a relatively great friction, it is predicted that 
a further increased amount of discharge will be caused. 
Furthermore, when the hybrid vehicle 10 is greatly ac- 
celerated, it is desirable that the torque assist by the 
electric motor 14A be performed. Therefore, great dis- 
charge from the HV battery 22 is predicted. Thus, when 
the hybrid vehicle 1 0 is running at a low vehicle speed, 
the next traveling operation predicted involves the con- 
sumption of a great amount of electric energy by the 
electric motor 1 4A. Therefore , it is necessary to have an 
increased amount of electric power ready. Hence, the 
target SOC is increased to secure a sufficient amount 

[0026] ^Conversely, if a high vehicle speed continues 
for at least a predetermined time, it is predicted that the 
hvbrid vehicle 1 0 will be decelerated in the future. Since 
a great amount of regenerate energy will be obtained 
through the generator 14B during acceleration, the tar- 
get SOC is reduced to increase the free capacity of the 
HV battery 22 so that the regenerative energy will be 
recovered without wastage. In order to increase the free 
capacity of the HV battery 22, it is necessary to dis- 
charge the HV battery 22 by using the electric motor 
14A By driving the electric motor 14A based on the dis- 



charge, the drive power for the hybrid vehicle 1 0 can be 
increased, so that the output of the engine 12 can be 
correspondingly reduced and the fuel economy can be 

improved. . 
5 [0027] An example of the procedure of changing the 

target SOC will be described with reference to the flow- 
chart of FIG. 4. First, the target SOC changing portion 
56 sets the target SOC to the default value of 60% 
(S100) Subsequently, the charge/discharge predicting 
,o portion 54 acquires vehicle speed information from the 
vehicle speed recognizing portion 38, and determines 
whether a high vehicle speed has continued for a pre- 
determined time (S101). For example, if the hybnd ve- 
hicle 10 has been traveling at a high vehicle speed of at 
15 least 80 km/h (an average vehicle speed of 80 km/h) for 
at least 5 minutes, the charge/discharge predicting por- 
tion 54 predicts that the hybrid vehicle 10 will be decel- 
erated at some future time. As described above, when 
the hybrid vehicle 10 is decelerated, the generator 14B 
20 is driven by a drive power obtained from the wheel side 
16 thereby performing regenerative power generation. 
In this case, the regenerated electric power increases 
with increases in deceleration. Therefore, in order to re- 
cover as much regenerative power as possible, a region 
25 for charging regenerative power is made ready in the 
HV battery 22 beforehand. That is, in order to reduce 
the present SOC of the HV battery 22, the target SOC 
is changed from the default value of 60% to, for exam- 
ple, 50% (S 102). 
30 [0028] Conversely, if the charge/discharge predicting 

portion 54 determines in S101 that the high vehicle 
speed has not continued forthe predetermined time, the 
charge/discharge predicting portion 54 then determines 
whether a low vehicle speed has continued for a prede- 
35 terminedtime (S103). For example, if the hybrid vehicle 
1 0 has been traveling at a low vehicle speed of at most 
20 km/h (an average vehicle speed of 20 km/h) for at 
least 5 minutes, the charge/discharge predicting portion 
54 predicts that the hybrid vehicle 10 will be stopped or 
40 qreatly accelerated at some future time. As described 
above after the hybrid vehicle 10 is stopped, restarting 
will be performed, so thatthe driving of the electricmotor 
14A will be needed and a large amount of discharge 
from the HV battery 22 will be caused. In the case of 
45 qreat acceleration, too, the driving of the electric motor 
14A is needed, so that a large amount of dischargefrom 
the HV battery 22 will be caused. In order to previously 
secure the power discharged in such a case, the target 
SOC of the HV battery 22 is changed from the default 
50 value of 60% to, for example, 70% (S104) to increase 
the present SOC. If it is determined in S1 03 that the low 
vehicle speed has not continued for the predetermined 
time the target SOC of 60% is maintained. 
[00291 After the target SOC changing portion 56 sup- 
55 plies the thus-determined target SOC to the requested 
power generation amount calculating portion 52, the re- 
quested power generation amount calculating portion 
52 determines a requested amount of power generation 
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by comparing the target SOC with the present SOC of 
the HV battery 22 recognized by the SOC recognizing 
portion 50. That is, if the present SOC is 50% whereas 
the tarqet SOC has been changed to 70%, power gen- 
eration of 8 kW is requested as indicated by a broken 
line in FIG. 3. If the present SOC is 60% whereas the 
target SOC has been changed to 50%, power genera- 
tion of -4 kW, that is, discharge of 4 kW, is requested as 
indicated by a one-dot chain line in FIG. 3. In short, A n 
determined how much the output of the engine 12 
should be increased or reduced in order for the gener- 
ator 14B to perform the power generation needed. 
[0030] After that, an engine output determining por- 
tion 58 included in the HVECU 32 determines an engine 
output, that is, a total of an engine power needed to 
achieve a driving person-requested traveling state that 
is calculated by the needed vehicle power calculating 
portion 44, an engine power needed to obtain an amou nt 
of energy needed to operate the accessory 48 which is 
calculated by the accessory requested amount recog- 
nizing portion 46, and an engine power needed to obtain 
an amount of generated power needed to converge the 
SOC of the HV battery 22 to the target SOC determined 
through calculation by the requested power generation 
amount calculating portion 52. 
[0031] After an engine output is determined, the 
HVECU 32 operates as described below so that the hy- 
brid vehicle 10 will run at a highest efficiency. That is, 
an engine revolution determining portion 62 included In 
the engine ECU 28 determines an engine revolution 
speed and a fuel injection amount/ignition timing deter- 
mining portion 64 determines an amount of fuel injected 
and an ignition timing, thereby controlling the running of 
the hybrid vehicle 10. er^fthoMV 
[00321 FIG. 5 indicates changes in the SOC of the HV 
battery 22 (thick solid line), changes in the vehicle speed 
of the hybrid vehicle 1 0 (thin solid line), and changes in 
the target SOC (broken line). The target SOC has been 
increased to 70% as a result of a stop of the hybrid ve- 
hicle 10. Simultaneously with a starting operation, the 
SOCoftheHV battery 22conslderably decreases. How- 
ever a sufficient and smooth start of the hybrid vehicle 
10 is realized since the amount of charge of the HV bat- 
tery 22 has been increased beforehand by increasing 
the target SOC. Referringto FIG. 5, it is recognized that 
the average vehicle speed is 20 krrVh, and the target 
SOC is maintained at 70% for a while, so that the SOC 
of the HV battery 22 is converged to 70% in preparation 
for a predicted future restart or great acceleration. After 
that acceleration is performed, and it is recognized that 
the average vehicle speed is 80 km/h. Then, the target 
SOC is changed to 50%, so that the SOC of the HV bat- 
tery 22 is converged to 50% in preparation for the re- 
covery of regenerative power caused by a predicted fu- 
ture deceleration. . 
[0033] Thus, even if the HV battery 22 is reduced in 
capacity (reduced in size), it is possible to perform 
smooth start or acceleration by predicting a future 



charge/discharge situation of the HV battery 22 of the 
hybrid vehicle 10 and securing a sufficient amount of 
charge prior to a request for a large amount of dis- 
charge. Furthermore, before a great regenerative power 
5 is obtained and a great charging request is outputted a 
sufficient region for charging is secured such that the 
regenerative power can be recovered without wastage, 
and the electric motor 14A is actively used in order to 
secure a region for charging. As a result, the output of 
io the engine 1 2 can be reduced, so that the fuel economy 
can be improved and the HV battery 22 can be used at 
a high efficiency as a whole. 

[0034] FIG 6 shows a flowchart illustrating a proce- 
dure of changing the target SOC taking into consldera- 
13 lion that the charging/discharging efficiency of the HV 
battery 22 decreases depending on the vehicle ambient 
temperature. 

[0035] First, as in the flowchart of FIG. 4, the target 
SOC changing portion 56 sets the target SOC to the de- 
20 fault value of 60% (S200). Subsequently, the charge/ 
discharge predicting portion 54 acquires vehicle speed 
information from the vehicle speed recognizing portion 
38 and determines whether a high vehicle speed has 
continued for a predetermined time (S201). For exanv 
25 P le, if the hybrid vehicle 10 has been traveling at a high 
vehicle speed of at least 80 km/h (an average vehicle 
speed of 80 km/h) for at least 5 minutes, the charge/ 
discharge predicting portion 54 predicts that the hybrid 
vehicle 10 will be decelerated and regenerative power 
30 generation will be performed at some future time and 
therefore predicts that an allowance for charging will be 
needed. As described above, when the hybrid vehicle 
10 is decelerated, the generator 14B is driven by drive 
power obtained from the wheel side 16, thereby per- 
35 formingregenerativepowergeneration.lnthiscase.he 
power regenerated increases with increases in deceler- 
ation. Therefore, in order to recover as much regenera- 
tive power as possible, a region for charging regenera- 
tive power is prepared in the HV battery ^beforehand 
40 That is, in order to reduce the present SOC of the HV 
battery 22, the target SOC changing portion 56 changes 
the target SOC from the default value of 60% to, for ex- 
ample, 50%(S202). 

[0036] Conversely, if the charge/discharge predicting 
45 portion 54 determines in S201 that the high vehicle 
speed has not continued for the predetermined time, the 
charge/discharge predicting portion 54 determines 
whether a low vehicle speed has continued for a prede- 
termined time (S203). For example, if the engine 12 has 
so been traveling at a low vehicle speed of at most 20 km/ 
h (an average vehicle speed of 20 km/h) for at least 5 
minutes, the charge/discharge predicting portion 54 pre- 
dicts that a great amount of discharge will be requested 
in the future. In this case, the charge/discharge pred.ct- 
55 ing portion 54 also determines whetherthe ambient tem- 
perature of the hybrid vehicle 1 0 is lower than a prede- 
termined temperature, for example, 0°C, based on in- 
formation from an external temperature sensor or the 
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like (S204) If the external air temperature is lower than 
the predetermined temperature, the chemical reactions 
within the HV battery 22 become slow and the charging/ 
discharging efficiency becomes low, so that the charge/ 
discharge predicting portion 54 outputs to the target 
SOC changing portion 56 a command to increase the 
tarqet SOC to, for example, 70%, in order to increase 
the amount of charge in the HV battery 22 beforehand 
(S205), in preparation for a large discharge request un- 
der a situation of a low charging/discharging efficiency 
(in particular, a start of the electric motor 14A below a 
freezing point or the like). As a result, when the hybrid 
vehicle 1 0 is started by the electric motor 1 4A, sufficient 
discharging from the HV battery 22 can be achieved and 
the hybrid vehicle 10 can be smoothly started, even if 
the charging/discharging efficiency of the HV battery 22 
has fallen due to low temperature. 
[0037] If the charge/discharge predicting portion 54 
determines in S204 that the external air temperature is 
not below the predetermined temperature, that is, tf it 
can be determined that the external air temperature 
does not adversely affect the chemical reactions in the 
HV battery 22, the charge/discharge predicting portion 
54 outputs to thetarget SOC changing portion 56 acom- 
mand to change the target SOC to a slightly increased 
value for example, 65%, in preparation for a large 
amount of discharge at the time of a normal start or ac- 
celeration (S206). If it is determined in S203 that the low 
vehicle speed has not continued for the predetermined 
time it is considered that a request for extreme charg- 
ing/discharging of the HV battery 22 will not be made, 
and the target SOC is maintained at 60%. 
[0038] Thus, by predicting how much of charging/dis- 
charging is needed for the next running of the hybrid ve- 
hicle 1 0 taking into consideration the charging/discharg- 
ing efficiency of the HV battery 22 in addition to the 
present running state of the hybrid vehicle 10, it be- 
comes possible to secure a sufficient amount of charge/ 
discharge even if the HV battery 22 is reduced in size 
so that the charging/discharging range with reference to 
the target SOC is narrow. Thus, the HV battery 22 can 
be efficiently used. 

[0039] In the embodiment, the default value of the tar- 
get SOC is set to 60%, and the increased values thereof 
are set to 65% and 70%, and the reduced value thereof 
is set to 50%. However, these set values are arbitrary. 
It is preferable to select suitable set values taking into 
consideration the capability of the HV battery 22, the 
performance of the hybrid vehicle 10, the environment 
of use, etc. Furthermore, the conditions for changing the 
target SOC, such as the predetermined speed (average 
speed), the duration of continuation of the speed, the 
external air temperature, etc., are also arbitrary. That is, 
it is preferable to select suitable conditions. 
[0040] In the above embodiment, the HV battery 22 is 
used as an electric energy storage device. However, the 
electric energy storage device of the invention is not lim- 
ited only to a battery. A condenser may also be used as 



an electric energy storage device of the invention. 
[0041] In the illustrated embodiment, the controller 
(the HVECU 32) is implemented as a programmed gen- 
eral purpose computer. It will be appreciated by those 
5 skilled in the art that the controller can be implemented 
using a single special purpose integrated circuit (e.g., 
ASIC) having a main or central processor section for 
overall, system-level control, and separate sections 
dedicated to performing various different specific com- 
10 putations, functions and other processes under control 
of the central processor section. The controller can be 
a plurality of separate dedicated or programmable inte- 
grated or other electronic circuits or devices (e.g., hard- 
wired electronic or logic circuits such as discrete ele- 
15 ment circuits, or programmable logic devices such as 
PLDs PLAs, PALs or the like). The controller can be 
implemented using a suitably programmed general pur- 
pose computer, e.g., a microprocessor, microcontroller 
or other processor device (CPU or MPU), either alone 
20 or in conjunction with one or more peripheral (e.g., inte- 
grated circuit) data and signal processing devices. In 
general, any device or assembly of devices on which a 
finite state machine capable of implementing the proce- 
dures described herein can be used as the controller. A 
25 distributed processing architecture can be used for max- 
imum data/signal processing capability and speed. 
[0042] While the invention has been described with 
reference to preferred embodiments thereof, it is to be 
understood that the invention is not limited to the pre- 
30 ferred embodiments or constructions. To the contrary, 
the invention is intended to cover various modifications 
and equivalent arrangements. In addition, while the var- 
ious elements of the preferred embodiments are shown 
in various combinations and configurations, which are 
35 exemplary, other combinations and configurations, in- 
cluding more, less or only a single element, are also 
within the spirit and scope of the invention. 
[0043] A controller (32) predicts a requested state of 
charge/discharge corresponding to a future run of a hy- 
40 brid vehicle. If it is predicted that the hybrid vehicle will 
be stopped and restarted, or will be greatly accelerated 
and therefore that a request for a great discharge will 
be outputted in the future, the controller (32) increases 
a target SOC of an HV battery (22) to increase the value 
45 to which the charge of the HV battery (22) will be con- 
verged in preparation for the great discharge. If it is pre- 
dicted that a great regenerative electric power will be 
generated by a vehicle deceleration and therefore that 
a request for charging will be outputted, the target SOC 
so is reduced, and the amount of charge in the HV battery 
(22) is reduced, so that the regenerative power gener- 
ated can be efficiency recovered. 



55 Claims 

1 A electric energy charging control apparatus of a 
hybrid vehicle having an internal combustion en- 
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nine (1 2), a motor-generator (14) capable of assist- 
ing running of the vehicle and an electric energy 
storage device (22) connected to the motor-gener- 
ator (14), the control apparatus characterized by 
comprising a controller (32) that: 

predicts a future state of a charge/discharge of 
the electric energy storage device (22); and 
changes a target value of charge of the electnc 
energy storage device (22) based on a result of 
the prediction regarding the future state of the 
charge/discharge of the electric energy storage 
device (22). 

2 The electric energy charging control apparatus ac- 
cording to claim 1 , characterized in that the con- 
troller (32) predicts the future state based on a state 
of the run of the vehicle, and changes the target val- 
ue by: 

increasing the target value of charge when the 
state of the run of the vehicle is a state in which 
at least a predetermined amount of the charge 
is predicted to be discharged from the electric 
energy storage device (22), and by 
reducing the target value of charge when the 
state of the run of the vehicle is a state in which 
at least a predetermined amount of the charge 
is predicted to be charged into the electric en- 
ergy storage device (22). 

3 The electric energy charging control apparatus ac- 
cording to claim 1 or 2, characterized in that the 
controller (32) changes the target value of charge 
of the electric energy storage device (22) in accord- 
ance with a vehicle ambient temperature. 

4 The electric energy charging control apparatus ac- 
cording to claim 2, characterized in that the state 
of the run of the vehicle is a vehicle speed of the 
vehicle. 

5. The electric energy charging control apparatus ac- 
cording to claim 4, characterized In that 

if the vehicle speed of the vehicle is a low ve- 
hicle speed for a predetermined time, the controller 
(32) increases the target value of charge of the elec- 
tric energy storage device (22) to secure an amount 
of charge at least equal to an amount of charge that 
will be consumed by the motor-generator (1 4) in an- 
ticipation of the vehicle being stopped or greatly ac- 
celerated. 

6 The electric energy charging control apparatus ac- 
cording to claim 4 or 5, characterized in that 

if the vehicle speed of the vehicle speed is a 
high vehicle speed for a predetermined time, the 
controller (32) decreases the target value of charge 



of the electric energy storage device (22) to in- 
crease a region for recovery of a regenerative en- 
ergy that is to be obtained through the motor-gen- 
erator (1 4) in anticipation of a future state of the ve- 
hicle being decelerated. 

7. The electric energy charging control apparatus ac- 
cording to claim 6, characterized in that: 

a quantity of charge of the electric energy stor- 
age device (22) corresponding to the decrease in 
the target value of charge is used by the motor-gen- 
erator (14) to assist in driving the vehicle, thereby 
reducing the output of the internal combustion en- 
gine and improving fuel economy. 

The electric energy charging control apparatus ac- 
cording to claim 3, characterized in that 

if the vehicle ambient temperature of the ve- 
hicle is lower than a predetermined temperature 
the controller (32) increases the target value of 
charge of the electric energy storage device (22) to 
secure an amount of charge at least equal to an 
amount of charge that will be consumed by the mo- 
tor-generator (14) in anticipation of a low charging/ 
discharging efficiency. 

The electric energy charging control apparatus ac- 
cording to claim 3 or 8, characterized in that 

if the vehicle ambient temperature of the ve- 
hicle is at least equal to a predetermined tempera- 
ture the controller (32) only slightly increases the 
target value of charge of the electric energy storage 
device (22) to secure an amount of charge at least 
equalto an amount of charge that will beconsumed 
35 by the motor-generator (1 4) in anticipation of a nor- 
mal start or acceleration. 

10 A electric energy charging control method for a hy- 
brid vehicle including an internal combustion engine 
40 (12), a motor-generator (14) capable of assisting a 
run of the vehicle, and an electric energy storage 
device (22) connected to the motor-generator (1 4), 
the method characterized in that: 

45 predicting a future state of charge/discharge of 

the electric energy storage device (22); and 
changing a target value of charge of the electric 
energy storage device (22) based on a result of 
the prediction regarding the future state of the 
so charge/discharge of the electric energy storage 

device (22). 
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(54) Electric energy charging control apparatus 

(57) A controller (32) predicts a requested state of 
charge/discharge corresponding to a future run of a hy- 
brid vehicle. If it is predicted that the hybrid vehicle will 
be stopped and restarted, or will be greatly accelerated 
and therefore that a request for a great discharge will 
be outputted in the future, the controller (32) increases 
a target SOC of an HV battery (22) to increase the value 



and method for hybrid vehicle 

to which the charge of the HV battery (22) will be con- 
verged in preparation for the great discharge. If it is pre- 
dicted that a great regenerative electric power will be 
generated by a vehicle deceleration and therefore that 
a request for charging will be outputted, the target SOC 
is reduced, and the amount of charge in the HV battery 
(22) is reduced, so that the regenerative power gener- 
ated can be efficiency recovered. 
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